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(54)
condition estimating apparatus

(57)  The condition of a road surface on which a ve-
hicle is traveling is estimated accurately, using a tire hav-
ing a general variable-pitch tire pattern for detection of a
road surface condition. The tire for detection of a road
surface condition has rows of blocks, the total number N
of the circumferentially disposed blocks being 10 or more
and the number n of lug grooves, each provided with at
joining section connecting circumferentially adjacent

Road surface condition estimating method, vehicle control method, and road surface

blocks, being in the range of (N/2) < n < (N-5). The vibra-
tions of the tire are detected by an acceleration sensor
and are subjected to a rotational order ratio analysis by
a rotational order ratio analyzing unit. And the road sur-
face condition is estimated by comparing the amplitude
P of the rotational order component of the tire vibrations
extracted by a rotational order component extracting unit
with a predetermined threshold value K.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method and
apparatus for estimating the condition of a road surface
on which a vehicle is traveling and a method for vehicle
control.

2. Description of the Related Art

[0002] For improved travel stability of a vehicle, it is
desired that the coefficient of friction between the tire and
the road surface (surface friction coefficient) or the
ground contact state of the tire is estimated accurately
and the data thus obtained is fed back to vehicle control.
If the surface friction coefficient or the ground contact
state of the tire can be estimated in time, then it will be
possible to operate such advanced control as ABS (an-
tilock braking system) braking before any danger avoid-
ance action, like braking, accelerating, or steering, is tak-
en. With such facility, there will be a marked boost in the
safety of vehicular operation.

[0003] Ina method for estimating a surface friction co-
efficient, such as one disclosed in Japanese Unexamined
Patent Application Publication No. 2010-274906, a tire
used for the estimation of a road surface condition has
deformable structural areas including sipes formed at a
specific pitch P circumferentially in the shoulder region.
And a vibration spectrum is acquired by detecting the
vibrations of the tread of the moving tire by an accelera-
tion sensor. At the same time, a detection frequency is
calculated from the wheel speed measured by a wheel
speed sensor and the pitch P. Then a road surface con-
dition is estimated, using the amplitude of the vibration
level caused by the deformable structural areas at the
detection frequency.

[0004] However, a problem with the above-described
conventional tire for estimation of a road surface condi-
tion is its well-defined tread pattern which restricts the
freedom of tread pattern design.

[0005] The present invention has been made to solve
the above-described problems, and an object thereof is
to provide a method and apparatus for accurately esti-
mating the condition of a road surface on which a vehicle
is traveling, and a vehicle control method, using a tire
having a common variable-pitch tire pattern for detection
of a road surface condition.

SUMMARY OF THE INVENTION

[0006] The present invention provides a method for
estimating aroad surface condition. The method includes
the steps of detecting vibrations of a tire having a block
pattern, performing a rotational order ratio analysis on
the tire vibrations, and estimating the current road sur-
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face condition from the amplitude of a rotational order
component of the analyzed tire vibrations. The tire used
in the estimation of a current road surface condition has
at least one row of blocks, of which the total number N
of the circumferentially disposed blocks is 10 or more.
The row of blocks has the number n of lug grooves, each
provided with a joining section connecting circumferen-
tially adjacent blocks. The number nis in the range of (N/
2) <n £(N-5), and the order of the rotational order com-
ponent for estimation of the road surface condition is (N-
n).

Accordingly, a tire for the detection of a road surface con-
dition may be fabricated with a simple design change of
providing joining sections on the tire with a common block
pattern. Also, the condition of a road surface on which
the tire is running can be estimated with accuracy be-
cause there is distinct change in the amplitude of the
rotational order component of the tire whose order is (N-
n), relative to the condition of the road surface.

In a rotational order ratio analysis (called rotational order
analysis also) employed in the presentinvention, a power
spectrum with the horizontal axis representing the rota-
tional orders is obtained by performing an FFT (Fast Fou-
rier Transform) on the signals of vibrations of a rotating
body sampled in synchronism with the rotation speed.
The rotational order n can be expressed as n = 360/6
where 0 (degree) is the angle of one pitch of vibrations.
Since the rotational order component used in the estima-
tion of a road surface condition in the present invention
has a fixed phase of pitch components relative to the
angle of rotation, the method provides a more accurate
detection of vibration components than the frequency
analysis which is based on measurement by time unit.
[0007] In another aspect of the invention, the height of
the joining section from the bottom of the lug groove is
equal to or less than the height of the block, and the axial
length of the joining section is equal to or less than 1/2
of the width of the block or equal to or less than the depth
of the lug groove.

This minimizes the change in tire behavior caused by the
design change of providing the joining sections. As a re-
sult, the condition of a road surface on which the tire is
running can be estimated accurately without the loss of
the characteristics of the block pattern, such as braking
and acceleration characteristics and draining character-
istics, that existed before the design change.

[0008] In still another aspect of the invention, the row
of blocks is formed in the central area of the tire tread.
The row of blocks, even when it is located near the edge
of the tread, allows estimation of a road surface condition
with adequate accuracy. However, the row of blocks lo-
cated in the central area of the tire tread, which comes
under heavier loads, will further improve the accuracy in
estimating a road surface condition by increasing the
change in the amplitude of the rotational order compo-
nent due to a change in road surface.

[0009] In yet another aspect of the invention, the vi-
brations of the tire are detected in an unsprung portion
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of a vehicle.

This makes it possible to estimate a current road surface
condition accurately without a sensor installed on the tire.
Without the need to install a sensor on the tire, tire pro-
duction can be done with greater efficiency. Also, com-
pared with the sensor installed on the tire, the sensor
installed in an unsprung portion of a vehicle will not only
have greater durability but also make sensor replace-
ment easier.

[0010] The present invention also provides a vehicle
control method for controlling the traveling performance
of a vehicle based on a road surface condition estimated
by any of the above-mentioned methods.

Thus, the safety of vehicular operation will be further en-
hanced if the traveling performance of a vehicle is con-
trolled using the ABS braking and other functions based
on a road surface condition thus estimated.

[0011] The present invention also provides an appa-
ratus for estimating a road surface condition. The appa-
ratus includes a surface condition detecting tire, a vibra-
tions detecting means, a rotational order components ex-
tracting means, and a road surface condition estimating
means.

The tire has at least one row of blocks, and the total
number N of the circumferentially disposed blocks is 10
or more. The row of blocks has the number n of lug
grooves, each provided with a joining section connecting
circumferentially adjacent blocks, n being in the range of
(N/2) £n<(N-5) . The vibrations detecting means, which
is disposed in an unsprung portion of a vehicle, detects
vibrations of the tire tread propagated to the unsprung
portion from the tire. The rotational order components
extracting means performs a rotational order ratio anal-
ysis on the vibrations of the tire tread detected by the
vibrations detecting means and extracts the amplitude
of a rotational order component whose order is (N-n).
And the road surface condition estimating means esti-
mates a current road surface condition from the extracted
amplitude of the rotational order component.

With the structure as described above, the apparatus ac-
complishes accurate estimation of a current road surface
condition without the loss the characteristics of the block
pattern, such as braking and acceleration characteristics
and draining characteristics, that existed before the de-
sign change. Atthe same time, the apparatus can reduce
the chances of estimation errors due to the resonant vi-
brations of the tire changing with the rotation speed of
the wheel. Also, the capacity to estimate a current road
surface condition accurately without the sensor installed
on the tire improves the durability of the sensor.

[0012] It is to be understood that the foregoing sum-
mary of the invention does not necessarily recite all the
features essential to the invention, and subcombinations
of all these features are intended to be included in the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a functional block diagram showing a struc-
ture of aroad surface condition estimating apparatus
in accordance with the present invention.

FIG. 2is anillustration showing an example of atread
pattern.

FIG. 3 is a feature perspective view of a tread.

FIG. 4 is a diagram showing the differences in rota-
tional order spectrum between the presence and the
absence of joining sections.

FIG. 5 is a diagram comparing a rotational order
spectrum for a high . surface and a rotational order
spectrum for a low p. surface.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] The invention will now be described based on
preferred embodiments which do not intend to limit the
scope of the claims of the presentinvention but exemplify
the invention. All of the features and the combinations
thereof describedin the embodiments are not necessarily
essential to the invention.

[0015] FIG. 1 is a functional block diagram of a road
surface condition estimating apparatus 10 according to
an embodiment of the present invention.

The road surface condition estimating apparatus 10 in-
cludes an acceleration sensor 11 for detecting vibrations,
a wheel speed sensor 12 for detecting wheel speed, a
rotation signal generating means 13, a rotational order
ratio analyzing means 14, a rotational order components
extracting means 15, a road surface condition estimating
means 16, an alarm means 17, and a surface condition
detecting tire (hereinafter referred to as tire) 20.

FIG. 2 is an illustration showing an example of a tread
pattern of the tire 20. The tire 20 has circumferential
grooves 22 to 24 formed in a tire tread 21 and extending
circumferentially, lug grooves 25 (25a, 25b) extending in
a direction intersecting with the circumferential grooves
22 to 24, first and second center blocks 26, 27 defined
by the circumferential grooves 22, 23 and the lug grooves
25 and the circumferential grooves 23, 24 and arranged
on either side the tire center line CL, and a plurality of
shoulder blocks located axially outside the circumferen-
tial grooves 22, 24.

Hereinafter, the circumferential groove 23 is referred to
as the center groove, and the circumferential grooves
22, 24 as the shoulder grooves.

[0016] The first and second center blocks 26, 27, re-
spectively, constitute the first and second rows of blocks
26K, 27K, each having a total number N of 10 or more
blocks arranged along the circumference of the tire.

In the present embodiment, the first row of blocks 26K is
circumferentially divided into n divisions, and joining sec-
tions 29, each joining adjacent blocks 26, 26, are provid-
ed in the lug grooves 25b, which are not the lug grooves
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25a located between the blocks closest to the dividing
lines indicated by the horizontal arrows in FIG. 2. The
number of lug grooves 25a, having no joining sections
29 therein, is (N-n), where n is the number of lug grooves
25b having the joining sections 29 provided therein.

In the present embodiment, N-n is set in the following
range:

5 < N-n < N/2 {1)

e * = e e oy

For example, 60 for the total number N of blocks and 23
for N-n satisfy the above expression (1).

The joining sections 29, as shown in FIG. 3, are each a
block-shaped rubber member whose height h from the
bottom of the lug groove 25a is equal to or less than the
height H of the blocks 26, 26 joined to each other and
whose axial length w is equal to or less than 1/2 of the
axial length W (or length along the lug groove 25a) of the
blocks 26, 26. The joining sections 29 are of the same
rubber material as the blocks 26, 26.

Also, in the present embodiment, the blocks 26 and the
joining sections 29 are each parallelogram-shaped mem-
bers as seen in a planar view, which have the sides par-
allel to the extending direction of the lug groove 25a and
the sides parallel to the center groove 23. And the joining
sections 29 are disposed on the center groove 23 side
in the lug grooves 25b.

[0017] The acceleration sensor 11, which is attached
to a knuckle 31 as shown in FIG. 1, detects the vibrations
of the tire 20 (hereinafter referred to as tire vibrations)
which are transmitted to the knuckle 31 via a wheel 32
and a wheel hub 33. The detecting direction of the ac-
celeration sensor 11 is the fore-aft direction of the tire.
The knuckle 31 is a nonrotating-side member (unsprung
member) of a wheel 30, which is coupled via a bearing
to the wheel hub 33 rotating together with the wheel 32
having the tire 20 fitted thereon. And mounted on this
knuckle 31 are a not-shown braking device and the like.
The knuckle 31 is coupled to the upper and lower arms
35, 36 of the vehicle suspension having a suspension
member 34, via shock-absorbing members 37, 38 such
as rubber bushes.

Note that if the acceleration sensor 11 is installed on any
of the members, such as the upper and lower arms 35,
36, which are coupled to the wheel 32 via the shock-
absorbing members 37, 38, the detection accuracy of the
vibrations of the tread 21 will be compromised on account
of the damper effect of the shock-absorbing members
37, 38. Hence, by installing the acceleration sensor 11
on the wheel 32 side of the shock-absorbing members
37, 38 when it is attached to the unsprung portion of the
vehicle, it is possible to detect the vibrations transmitted
to the unsprung portion of the vehicle from the tire 20
with greater accuracy.

[0018] The wheel speed sensor 12 detects the rota-
tional speed of a wheel (hereinafter referred to as wheel
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speed). Employed in this embodiment to detect the angle
of rotation of the wheel is a wheel speed sensor of a
known electromagnetic induction type, which has a rotor
having gear teeth on its periphery and rotating together
with the wheel, a yoke constituting a magnetic circuit in
combination with the rotor, and a coil for detecting flux
changes of the magnetic circuit. The yoke and the coil
are mounted on the knuckle 31. It should be noted that
the wheel speed sensor 12 that can be used may be one
combining a ring multipolar magnet and a magnetore-
sistance element or of some other structure. The ar-
rangement may also be such that the rotational speed of
a not-shown transmission is detected as the wheel
speed.

The rotation signal generating means 13 generates and
outputs a pulse signal that rises at the zero-cross point
of the output of the wheel speed sensor 12. The pulse
number of the pulse signal generated per a single revo-
lution of the tire is twice the number of gear teeth on the
rotor or the number of magnetic poles of the ring multipo-
lar magnet. Thus the wheel speed can be detected by
counting the pulse number, and also the pulse signal
outputted from the rotation signal generating means 13
can be used as a sampling clock. Since the sampling
clock is synchronized with the rotational speed, sampling
of tire vibrations detected by the acceleration sensor 11
by the use of the sampling clock realizes a constant
number of samples per single revolution of the tire irre-
spective of the wheel speed. Viewed temporally, howev-
er, the faster the wheel speed is, the narrower the sam-
pling interval will be, and the slower the wheel speed is,
the wider the sampling interval will be.

[0019] The rotational order ratio analyzing means 14
includes a lowpass filter 14a, a sampling means 14b, and
an analyzing means 14c.

The lowpass filter 14a not only removes high-frequency
components from the tire vibrations detected by the ac-
celeration sensor 11 but also prevents the occurrence of
ailiasing in the rotational order ratio analysis.

The sampling means 14b samples tire vibrations detect-
ed by the acceleration sensor 11, using a sampling clock
outputted by the rotation signal generating means 13.
The analyzing means 14c finds a vibration spectrum
(hereinafter referred to as rotational order spectrum) by
performing an FFT processing on the vibration waveform
of the thus sampled tire vibrations. Note that whereas
the horizontal axis of a vibration spectrum (frequency
spectrum) of the vibration waveform measured at con-
stant time intervals is frequency, the horizontal axis of a
rotational order spectrum, which is a vibration spectrum
of the vibration waveform measured at constant rotation
intervals, is rotational order.

The rotational order components extracting means 15
extracts the peak value P of the 23rd order component,
which is the vibration level of the (N-n)th rotational order
(23rd order here) to be used in the estimation of a road
surface condition, and outputs the value to the road sur-
face condition estimating means 16.
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The road surface condition estimating means 16 com-
pares the peak value P of the 23rd order component
against a predetermined threshold value K and estimates
the current road surface to be a low p. surface when the
peak value P is smaller than the threshold value K.

If the current road surface is estimated to be a low p
surface, the road surface condition estimating means 16
outputs a signal indicating a low p. surface to the alarm
means 17.

The alarm means 17 may be installed near the driver's
seat. When a signal indicating a low . surface is inputted,
the alarm means 17 warns the driver of the current road
surface being a low p surface by lighting or flashing a
warning LED. The arrangement may also be such that
the warning is given by an alarm sound of a warning
buzzer or by a combination of a warning buzzer and LED.
[0020] FIG. 4 is a diagram showing differences in ro-
tational order spectrum derived by a rotational order ratio
analysis between the presence and the absence of join-
ing sections 29. The chain line represents a rotational
order spectrum of a tire having rows of N blocks circum-
ferentially without the joining sections 29, and the solid
line that of an identical tire provided with the joining sec-
tions 29 in n lug grooves 25b. And both the rotational
order spectra are those obtained when the test vehicle
was operated on a high w surface (. = 1.0). Also, note
that N-n = 23.

The traveling speed of the vehicle was 60 km/h. The peak
of the 23rd order indicated by an arrow in FIG. 4 corre-
sponds to the occurrence of 23 vibrations per revolution
of the tire.

With the tire provided with the joining sections 29, it can
be seen that the rotational order component of the 23rd
order of tire vibration rises high because the lug grooves
25a have no joining sections 29 therein.

In other words, in the blocks 26 whose trailing-edge side
faces the lug groove 25a not provided with a joining sec-
tion 29, the stiffness of the block decreases at the time
of ground contact and the deformation of the block on
the trailing-edge side increases. In contrast to this, in the
blocks 26 whose trailing-edge side faces the lug groove
25b provided with a joining section 29, there is a smaller
amount of deformation of the block on the trailing-edge
side because the stiffness of the block is relatively high
at the time of ground contact. And since the repetition of
this deformation occurs periodically with tire rotation, the
vibrations corresponding to it can be detected as an order
component. It should be noted that the rotational order
spectrum has also a large number of peaks. This is be-
cause the blocks and lug grooves of the block pattern of
the tire used in deriving the rotational order spectra as
shown in FIG. 4 are not of the simple shapes as shown
in FIG. 2 but of the shapes designed in consideration of
braking and acceleration characteristics, steering stabil-
ity, draining characteristics, and the like.

[0021] FIG. 5is a diagram showing an example of dif-
ferences in rotational order spectrum between different
road surfaces. The solid line in the graph represents a
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rotational order spectrum obtained when the test vehicle
was operated on a high surface (n = 1.0), and the chain
line that obtained when the vehicle was operated on a
low . surface (p.=0.2). Inthis example, the high . surface
used in the test was a dry asphalt surface, and the low
W surface was an icy road surface.

On a slippery road, the angle between the block and the
road surface at the time of ground contact gets smaller
because the effect of the road surface gripping the tire
is weak. And the smaller angle between the block and
the road surface reduces the deformation of the tread
such that there will be a smaller difference in block be-
havior attributable to the presence or the absence of the
joining sections 29. As a result, the rotational order com-
ponent of the 23rd order caused by the difference in the
rigidity of blocks will be smaller on a slippery surface as
shown in FIG. 5. Accordingly, it is possible to estimate a
road surface condition by comparing the rotational order
component of the 23rd order with a predetermined
threshold value.

[0022] Now a description will be given of a method for
estimating a road surface condition according to the
present embodiment.

First a vibration waveform of a tire 20 which has been
transmitted to the knuckle 31 is detected by an acceler-
ation sensor 11, and at the same time the wheel speed
is detected by a wheel speed sensor 12.

Next the vibration waveform of the tire 20 is subjected to
a rotational order ratio analysis by a rotational order ratio
analyzing means 14, thereby obtaining a rotational order
spectrum with the horizontal axis representing rotational
orders as shown in FIG. 5.

The rotational order spectrum is derived by sampling the
tire vibrations detected by the acceleration sensor 11 rel-
ative to the wheel speed data outputted from a rotation
signal generating means 13 and the data pulse signal of
the wheel speed and then applying an FFT processing
thereto.

Inthe estimation of aroad surface condition, a peak value
P, which is the amplitude of the rotational order compo-
nent of the 23rd order found from the rotational order
spectrum by a rotational order component extracting
means 15, is compared with a threshold value K, which
has been determined beforehand, so as to estimate
whether the currentroad surface is a low . surface or not.
When the current road surface is estimated to be a low
w surface, the driver is warned of the current road surface
being a low . surface by lighting or flashing a warning
LED. At the same time, the information on the road sur-
face R being a low w surface is outputted to a vehicle
control means 40 so as to effect a vehicle control by ABS
or the like. Thus, it will be possible to operate such ad-
vanced control as with ABS braking, providing further
improvement in the safety of vehicular operation.
[0023] In the foregoing embodiment, the number of
blocks constituting the first row of blocks 26K is N = 60,
and the joining sections 29 are provided such that the
order of the rotational order component to be detected
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is N-n = 23. However, the number N of blocks and the
number n of the lug grooves 25b having the joining sec-
tions 29 therein are not limited to 60 and 23, respectively.
The numbers N and n may be usable as long as they
satisfy N> 10 and 5 < N-n < N/2.

Also, the row of blocks where the joining sections 29 are
provided is not limited to the first row of blocks 26K. The
joining sections 29 may be provided in the second row
of blocks 27K or in both of the first row of blocks 26K and
the second row of blocks 27K. Or they may be provided
in a row of blocks constituting shoulder blocks 28.

Also, when the joining sections 29 are provided in a plu-
rality of rows of blocks, the number n of the lug grooves
25b may differ from one row of blocks to the other. In
such a case, there may be two or more orders of the
rotational order components to be detected. Hence, peak
values Pj of orders j are to be compared with their re-
spective threshold values Kj. And the arrangement may,
forinstance, be such thata current road surface condition
is estimated to be a low p. surface when 70% or more of
the peak values Pj are smaller than the threshold values
Kj.

[0024] Also, in the foregoing embodiment, the axial
length w of the joining section 29 is equal to or less than
1/2 of the axial length W of the block 26. However, the
axial length w of the joining section 29 may be equal to
or less than the depth of the lug groove 25. In any case,
the joining sections 29 may be of any shape or size so
long as they can reduce the deformation of the blocks
joined with the joining sections 29 and can minimize the
change in tire behavior due to the design change.

Also, the location of the joining sections 29 is not limited
to the center groove 23 side of the blocks 26. The joining
sections 29 may be provided in the axially intermediate
part of the blocks 26.

[0025] Also, in the foregoing embodiment, the output
of the wheel speed sensor 12 is sent to the rotation signal
generating means 13, thereby obtaining the number of
revolutions of the tire. At the same time, the sampling
clock is outputted to the rotational order ratio analyzing
means 14. However, if the vehicle has a vehicle control
means 40 with a CAN (controller area network) function,
then itis preferable that the wheel speed is obtained from
the CAN.

Also, in the foregoing embodiment, it is estimated wheth-
er the current road surface is a low p. surface or not. But
the arrangement may, for instance, be such that two
threshold values K are provided to classify the road sur-
face condition into three conditions. That s, the road sur-
face may be estimated to be a low p. surface when the
peak value P extracted by the rotational order compo-
nents extracting means 15 is equal to or smaller than the
first threshold value, a middle p. surface when the peak
value P is larger than the first threshold value and equal
to or smaller than the second threshold value, which is
larger than the first threshold value, and a high . surface
when the peak value P is larger than the second threshold
value.
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[Example]

[0026] The tire prepared for the test was a winter tire
of size 225/55R17. The tire had 23 circumferential divi-
sions along the tread center region, and joining sections,
each joining adjacent blocks, were formed in the lug
grooves, which were not the lug grooves located between
the blocks closest to the dividing lines indicated by the
horizontal arrows in FIG. 2. A road surface condition es-
timating apparatus according to the present invention
was installed on a vehicle having the above-described
tire fitted on the left front wheel. And this test vehicle was
driven at a speed of 60 km/h from a smooth asphalt road
surface (p. = 1.0) onto a low p. test road surface (. = 0.2).
In doing so, the rotational order spectra were derived by
measuring accelerations and wheel speeds on the as-
phalt road surface and the low p. test road surface. The
rotational order spectra obtained for the respective road
surfaces were found by averaging the five times of data
measurements from 10-meter runs.

As shownin FIG. 4, there are only minor changes in many
of the peaks of the rotational order spectra, but the 23rd
order component, which is an order component attribut-
able to lug grooves without joining sections, shows a dis-
tinct decrease on the low p. test road surface. Hence, it
is evident that a low p. surface can be detected from the
vibration strength of the 23rd order. Thus, it has been
confirmed that a low w surface can be determined by
setting a threshold value for the amplitude of the order
component.

[0027] According to the present invention described
herein, the condition of a road surface on which a vehicle
is traveling can be estimated with a simple design change
of providing joining sections on a tire with a common block
pattern. This will enhance the freedom of tire pattern de-
signing. Also, this will accomplish both the improvement
in tire performance and the improvement in the estima-
tion accuracy of a road surface condition.

[0028] In the foregoing specification, the invention has
been described with reference to specific embodiments
thereof. However, the technical scope of this invention
is not to be considered as limited to those embodiments.
It will be evident to those skilled in the art that various
modifications and changes may be made thereto without
departing from the broader spirit and scope of the inven-
tion. It will also be evident from the scope of the appended
claims that all such modifications are intended to be in-
cluded within the technical scope of this invention.

10 road surface condition estimating appa-
ratus

11 acceleration sensor

12 wheel speed sensor

13 rotation signal generating means

14 rotational order ratio analyzing means

14a lowpass filter

14b sampling means

14c analyzing means
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15 rotational order components extracting
means

16 road surface condition estimating
means

17 alarm means

20 surface condition detecting tire

21 tread

22,24 shoulder groove

23 center groove

25, 25a, 25b  lug groove

26 first center block

26K first row of blocks

27 second center block

27K second row of blocks

28 shoulder block

29 joining section

30 wheel

31 knuckle

32 wheel

33 wheel hub

34 suspension member

35 upper arm

36 lower arm

37, 38 shock-absorbing member

40 vehicle control means

R road surface

Claims

1. A method for estimating a road surface condition,

comprising the steps of:

detecting vibrations of a tire having a block pat-
tern;

performing a rotational order ratio analysis on
the tire vibrations; and

estimating a current road surface condition from
an amplitude of a rotational order component of
the analyzed tire vibrations, is characterized in
that

the tire has at least one row of blocks, the total
number N of the circumferentially disposed
blocks being 10 or more,

the row of blocks has the number n of lug
grooves, each provided with a joining section
connecting circumferentially adjacent blocks, n
being in the range of (N/2) < n < (N-5), and

the order of the rotational order component for
estimation of the road surface condition is (N-n).

A method for estimating a road surface condition ac-
cording to claim 1, wherein the height of the joining
section from the bottom of the lug groove is equal to
or less than the height of the block, and the axial
length of the joining section is equal to or less than
1/2 of the width of the block or equal to or less than
the depth of the lug groove.
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A method for estimating a road surface condition ac-
cording to claim 1 or claim 2, wherein the row of
blocks is formed in the central area of a tire tread.

A method for estimating a road surface condition ac-
cording to any of claims 1 to 3, wherein the vibrations
of the tire are detected in an unsprung portion of a
vehicle.

A vehicle control method, comprising:

controlling the traveling performance of a vehi-
cle based on a road surface condition estimated
by any of the methods as recited in claims 1 to 4.

An apparatus for estimating a road surface condition,
comprising:

a tire for estimation of a road surface condition,
the tire having at least one row of blocks, the
total number N of the circumferentially disposed
blocks being 10 or more, the row of blocks hav-
ing the number n of lug grooves, each provided
with a joining section connecting circumferen-
tially adjacent blocks, n being in the range of (N/
2) £n < (N-5);

a vibrations detecting means disposed in an un-
sprung portion of a vehicle for detecting vibra-
tions of a tire tread propagated to the unsprung
portion from the tire;

arotational order components extracting means
for performing a rotational order ratio analysis
on the vibrations of the tire tread detected by the
vibrations detecting means and extracting the
amplitude of a rotational order component
whose order is (N-n); and

a road surface condition estimating means for
estimating a current road surface condition from
the extracted amplitude of the rotational order
component.
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